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toxic to aquatic biota at elevated concentrations.

Zinc enters aquatic systems through aerial Adverse biological effects for Zn in the BEDS include
deposition or surface runoff. The strong affinity of zinc decreased benthic invertebrate diversity and abundance,
for aquatic particles, particularly iron and manganeseincreased mortality, and behavioural changes
oxides, and organic matter results in its deposition in bedEnvironment Canada 1998, Appendixes lla and llib).
sediments in association with these materials (CampbelAdverse effects were observed in a variety of freshwater
and Tessier 1996). A wide variety of organisms live in and marine taxa, including Gastropoda, Amphipoda,
contact with the sediments of aquatic systems. Sediment€hironomidae, Echinodermata, and Annelida. For
therefore act as an important route of exposure to Zn forexample, species richness of Ephemeroptera, Plecoptera,
aquatic organisms. Canadian interim sediment qualityand Tricoptera was low in the Bay of Quinte (Lake
guidelines (ISQGs) and probable effect levels (PELs) forOntario) at locations where the mean concentration of Zn
Zn can be used to evaluate the degree to which adversie sediments was 293 mg’gwhich is more than twice
biological effects are likely to occur as a result of the freshwater ISQG. By comparison, higher species
exposure to Zn in sediments. richness was observed at sites with a mean concentration

of 119 mg-kg, which is below the freshwater ISQG
Canadian ISQGs and PELs for Zn were developed using #Jaagumagi 1988). Similarly, in the Curtis Creek estuary
modification of the National Status and Trends Program(Baltimore, Maryland), mortality oHyalella azteca an
approach as described in CCME (1995) (Table 1). Theamphipod, was significantly increased at a mean
ISQGs and PELs refer to total concentrations of Zn inconcentration of 348 mg-kgwhich is above the marine
surficial sediments (i.e., 5 cm), as quantified by digestionPEL, while no effect was observed at a mean
with a strong acid (e.g., aqua regia, nitric acid, or concentration of 78.4 mg-kgwhich is below the marine
hydrochloric acid), followed with determination by a ISQG (McGee et al. 1993).
standard analytical protocol.

Zinc (Zn) is an essential trace element that can beToxicity

Spiked-sediment toxicity tests for Zn report the onset of
The majority of the data used to derive ISQGs and PELgoxicity to benthic organisms at higher concentrations than
for Zn are from studies on field-collected sediments thatthose observed in field studies. This is likely a result of
measured concentrations of Zn, along with concentrationghe shorter exposure times of these laboratory studies and
of other chemicals, and associated biological effects aexposure to Zn only as opposed to chemical mixtures
compiled in the Biological Effects Database for Sedimentscontaining Zn (Environment Canada 1998). For example,
(BEDS) (Environment Canada 1998). The Zn data sets fothe 28-d LGs calculated for a freshwater amphipod,
freshwater and marine sediments are large, with theHyalella azteca was 3531 mg:-Kg which s
freshwater data set containing 88 effect entries andapproximately 10 times higher than the freshwater PEL
369 no-effect entries and the marine data set containingBorgmann and Norwood 1997).
96 effect entries and 315 no-effect entries (Figures 1
and 2). The BEDS represents a wide range of
concentrations of Zn, types of sediment, and mixtures of
chemicals. Evaluation of the percentage of effect entriesTable 1. Interim sediment quality guidelines (ISQGs) and
for Zn that are below the 1SQGs, between the 1ISQGs and probable effect levels (PELS) for zinc (mg-Kydw).
the PELs, and above the PELs for Zn (Figures 1 and 2) Freshwater Marine/estuarine
indicates that these values define three ranges of chemicat
concentrations: those that are rarely, occasionally, and'SQG 123 124
frequently associated with adverse biological effects, PEL 315 271
respectively (Environment Canada 1998).
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Figure 1. Distribution of Zn concentrations in freshwater sediments that are associated with adverse biological effed$ 4nd
no adverse biological effectsq). Percentages indicate proportions of concentrations associated with effects in ranges below the

ISQG, between the ISQG and the PEL, and above the PEL.
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Figure 2. Distribution of Zn concentrations in marine and estuarine sediments that are associated with adverse biological
effects @) and no adverse biological effectso). Percentages indicate proportions of concentrations associated with effects in

ranges below the ISQG, between the ISQG and the PEL, and above the PEL.
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Similarly, Oakden et al. (1984) observed >50% mortality Concentrations of Zn in surficial sediments located close

in amphipodsRhepoxyniuspp.) after a 72-h exposure to to point sources of contamination frequently exceed

concentrations of Zn that were approximately twice theestimates of background concentrations (Environment

marine PEL. In sublethal spiked-sediment toxicity tests,Canada 1998). For example, mean concentrations as

marine amphipods Rhepoxynius spp.) showed a high as 7366 mg-Kghave been measured in sediments

statistically significant preference for clean sedimentsfrom freshwater lakes near mining and smelting

over sediments spiked with 51 mg*kan, which is below  operations and as high as 5100 mg-kip marine

the marine ISQG (Oakden et al. 1984). harbours  receiving various industrial inputs
(Environment Canada 1998).

The toxicity of Zn in sediments can be mitigated by

various sediment fractions that play a protective role

(Environment Canada 1998). For example, organic matteiaqditional Considerations

and sulphides have been found to reduce the toxicity of

sediment-associated Zn (Sibley et al. 1996). Regardless of the origin of Zn in sediments, aquatic

. . . i b t
Results of both freshwater and marine splked-sed|mengIrg\‘jlf::t'z(rjnSle\?;jlsy 22 iid\é?/ﬁ:% ﬁ]ffchigeudreSyle;rp:gsgreth é)

g’s):g'éyattsgts 'It?]d:datsr;gaéﬁ%%?gzr;gaéfnn;sgnﬁn gt‘gtv:rtioccurrence of adverse biological effects cannot be
! w v y Erecisely predicted from concentration data alone,

ISQGs, c_onfirming tha.‘t these gu_idelir)es represe.mparticularly in the concentration ranges between the
concentrations below which adverse biological effects will ISQGs and PELs. The likelihood of adverse biological

rar_ily OC(t:rler:\.t t';u.r(t:hlir’eg‘i?;ns‘.tr:]2':(;mpgggdaiei?:ﬁ:ﬁ:rn@eﬁects occurring in response to Zn exposure at a
evl enctir than )t(rlle PVELs conf'lrm'n that adverse eﬁectgarticular site depends on the sensitivity of individual
eol:egrrrtlac?re likely to be obsérved Ivvh:engconcentrations of Znspecies and endpoints examined, as well as a variety of
hysicochemical .g. H n redox tential),
exceed the PELs. The ISQGs and PELs for Zn arep ysicochemical (e.g, P and redox  po )

therefore expected to be valuable tools for assessing th eochemical (e.g., particle size, organic matter content,
re exp ; 9 "M5nd metal oxide and sulphide contents), and biological
ecotoxicological relevance of concentrations of Zn in

di i (e.g., feeding behaviour and uptake rates) factors that
sediments. affect the bioavailability of Zn (Environment Canada
1998).

Concentrations

Benthic organisms are exposed to both particulate and
Concentrations of Zn in marine and freshwater sedimentslissolved forms of Zn in interstitial and overlying waters,
vary substantially across Canada (Environment Canadas well as to sediment-bound Zn through surface contact
1998). In the National Geochemical Reconnaissanceand sediment ingestion. Dissolved forms of Zn are
(NGR) program database by the Geological Survey ofbelieved to be the most readily bioavailable (Campbell
Canada (GSC) (Friske and Hornbrook 1991), the mearand Tessier 1996). Zinc associated with sediment
background concentrations of Zn in Canadian lake andractions that exhibit cation-exchange capacity or that are
stream sediments are 104 Ryl and 107 migg?, easily reduced is generally more bioavailable than that
respectively (P.W.B. Friske 1996, GSC, Ottawa, pers.associated with other fractions (Environment Canada
com.). When compared with the background concentra-1998). Furthermore, changes in ambient environmental
tions in the combined lake and stream NGR databaseonditions (e.g., sediment turbation, decrease in pH, and
(n = 154 889), the freshwater ISQG and PEL for Zn fall atincrease in redox potential) can increase the
percentiles 77.8 and 97.8, respectively, (R.G. Garrettbioavailability of Zn associated with inorganic solid
1997, GSC, Ottawa, pers. com.), demonstrating thatphases, oxides of iron and manganese, and organic matter.
background concentrations of Zn across most of Canadén contrast, Zn that is bound within the crystalline lattices
are lower than the 1SQG of 123 mgtkgin marine of clay and some other minerals that are associated with
systems, mean background concentrations of Znacid-extractable or residual sediment fractions is generally
estimated from deep layers of sediment cores (>10 cmgonsidered to be the least bioavailable. Once Zn is
from a variety of published sources, ranged from 13.1 toingested, its availability depends on various factors,
1170 mg-k{ (i.e., below the marine 1ISQG to well above including enzyme activity and gut pH (Environment
the PEL) (Environment Canada 1998). Canada 1998).
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Models have been proposed to predict metal uptake (antSQGs and PELs for Zn will be useful in assessing the

hence toxicity) in aquatic organisms from bed sediments.ecotoxicological significance of Zn in sediments.

Tessier et al. (1993) propose that bioavailability, as

measured by accumulation of Zn in the organism, can bereferences

predicted by calculating the dissolved metal concentration o )

in the interstitial and overlying water of oxic sediments. Borgmann, U., and W.P. Norwood. 1997. Toxicity and accumulation of
. L. . . zinc and copper inHyalella azteca exposed to metal-spiked

This prediction considers the quantity of Zn loosely gegiments. Can. J. Fish. Aquat. Sci. 54(5):1046—1054.

associated with major sinks, such as organic matter andampbell, P.G.C., and A. Tessier. 1996. Ecotoxicology of metals in

metal oxides, and the physicochemica_l factors that aquatic environments: Geochemical aspects. In: Ecotoxicology: A

influence the distribution of Zn between the dissolved hierarchical treatment, M.C. Newman and C.H. Jagoe, eds. Lewis

. . Publishers, Boca Raton, FL
phase and the aforementioned phases. Dissolved meti"ICME (Canadian Council of Ministers of the Environment). 1995.

concentrations in interstitial and overlying waters protocol for the derivation of Canadian sediment quality guidelines
calculated using this model have been demonstrated to for the protection of aquatic life. CCME EPC-98E. Prepared by
correlate well with metal levels in the soft tissues of Environment Canada, Guidelines Division, Technical Secretariat of
benthic invertebrates (Couillard et al. 1993; Tessier et al. e CCME Task Group on Water Quality Guidelines, Ottawa.
1995, Haro and Tessier 199@nahor mocel (it has _ Loied et iermersl iy ouienes, Coaer &
been proposed considers the role of acid volatile sulphid&souillard, Y., Campbell, P.G.C., and A. Tessier. 1993, ’Response of
(AVS) in modifying the bioavailability of two metallothionein concentrations in a freshwater bivaj¢e@odonta
simultaneously extractable metals (SEM), cadmium and gora“dis) a'gggzg ;nslgnv"onmenta' cadmium ~ gradient. - Limnol.

. . . . . : ceanogr. 38:299-313.
nickel, !n ano’f'c sediments (Di Toro et al. 1992). This Di Toro, D?M., J.D. Mahony, D.J. Hansen, K.J. Scott, A.R. Carlson, and
model is applicable to Zn and other metals that form g1 ankley. 1992. Acid volatile sulfide predicts the acute toxicity of
sulphides. Acid volatile sulphide refers to the fraction of cadmium and nickel in sediments. Environ. Sci. Technol. 26:96-101.
the sediment that contains a reactive pool of So|id_pha5@n\_/ironment Ca}nada. 1998. Canad‘ian sediment quality guidelines_ for
sulphide that is available to bind divalent metals and thus é‘gg;yft‘éﬁogi?gnc‘éo%‘ig?; atEeangi"e“r?ggt?j'oli‘;“zig’aégcir osner:’e'ﬁfél
render them unavailable for uptake by_aquatlc biota. The Quiality Branch, Guidelines and étandards Division, Ottawa. Draft.
model predicts that when the molar ratio of SEM to AVS griske, P.W.B., and E.H.W. Hombrook. 1991. Canada’s National
in sediments is <1, metals will not be bioavailable due to Geochemical Reconnaissance Programme. Trans. Inst. Min. Metall.
complexation with available sulphide. When the ratio is 100:B47-B56. , - , _
>1, the bioavailability of SEM is predicted to be high, Hae L. and A Tessier. 1996. Predicting animal cadmium

L concentrations in lakes. Nature 380:430-432.

However, when the ratio is >1, the model has SeveralHare, L., R. Carignan, and M.A. Huerta-Diaz. 1994. A field study of
limitations, as it does not take into account the importance metal toxicity and accumulation by benthic invertebrates:
of other binding phases that will also limit the Implications for the acid-volatile sulfide (AVS) model. Limnol.
bioavailability of a metal (Hare et al. 1994; Environment Jagcﬁﬁ]”aogf- 3,;9:116:;8_16;?1%  olace bollutants oroaram. Volume v
Canada 1998). In add.ltlon to geochemlt_:a_l factors, further Pgrt B.gB’enthic invertebrates Etudiespresults. Or?tar?o Ministry of thé
research should be directed at determining other factors gnyironment, Water Resources Branch, Aquatic Biology Section,
that modify the bioavailability of Zn (e.g., physical, Toronto.
chemical, and biological factors). This information should McGee, B.L., C.E. Schlekat, and E. Reinharz. 1993. Assessing sublethal
be considered, along with the recommended 1SQGs and levels of sediment contamination using the estuarine amphipod,

PELs. in sit ifi ts of Zn i di i Leptocheirus plumulosu&nviron. Toxicol. Chem. 12(3):577-587.
S, In Site-Speciiic assessments or Zn in sediments. Oakden, J.M., J.S. Oliver, and A.R. Flegal. 1984. Behavioural responses

of a phoxocephalid amphipod to organic enrichment and trace metals

Currently, the degree to which Zn will be bioavailable at in sediments. Mar. Ecol. Prog. Ser. 14:253-257.
particular sites cannot be predicted conclusively from theSibley, P.K., G.T. Ankley, AM. Cotter, and E.N. Leonard. 1996.
physicochemical characteristics of the sediment or the Predicting chronic toxicity of sediments spiked with zinc: An

. . . . evaluation of the acid-volatile sulfide model using a life-cycle test
attributes of endemic Orgaﬁ'sms (Environment _Canada with the midge, Chironomus tentans Environ. Toxicol. Chem.
1998). Nonetheless, the incidence of adverse biological 15(12):2102-2112.
effects associated with exposure to Zn increases aSessier, A., Y. Couillard, P.G.C. Campbell, and J.C. Auclair. 1993.
concentrations of Zn increase in a range of sediment typeglodelllng Cd partitioning in oxic lake sediments and Cd concentrations

(Figures 1 and 2). Therefore, the recommended Canadia@s(tli;i_flrisrlwater bivalveAnodonta _ grandis Limnol. - Oceanogr.
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